RUNNING TOOL THAT PREVENTS SEAL TEST FIELD OF THE
INVENTION: This technique relates in general to tools for running casing
hangers and in subsea wells, and in particular to a running tool that prevents
a seal test when the seal is not properly set. BACKGROUND OF THE

INVENTION: AruRsenetiobihe tyoe presarredsisrain witgyave a wellhead
supported on the subsea floor. One or more strings of casing will be lowered

iptQ.t surface, each supported on a casing hanger. The
Flggan%%ﬁg%?@sggﬁi@'member that is secured to the threaded upper end
of the string of casing. The casing hanger lands on a landing shoulder in the
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Sehetween the wellhead bore and an upper portion of the casing hanger. This
seals the casing hanger annulus. Casing hanger running tools perform many

B AN ESREIINGH AR fURING\AE] TRONNg casing strings, cementing strings into
place, and installing and testing packoffs. Once a packoff is set, it is often
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packoff has not been properly set, fluid pressure may leak past the annulus
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ensures that the packoff is pressure tested only when it has been properly
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secured to the threaded upper end of the string of casing. The casing hanger lands on a
landing shoulder in the wellhead, or on a previously installed casing hanger having larger
diameter casing. Cement is pumped down the string of casing to flow back up the
annulus around the string of casing. Afterward, a packoff is positioned between the
wellhead bore and an upper portion of the casing hanger. This seals the casing hanger
annulus.
Casing hanger running tools perform many functions such as running and landing casing
strings, cementing strings into place, and installing and testing packoffs. Once a packoff
IS set, it is often tested by applying fluid pressure to an upper side of the packoff. If the
packoff has not been properly set, fluid pressure may leak past the annulus packoff,
causing the casing to collapse.
A need exists for atechnique that ensures that the packoff is pressure tested only when it

has been properly set. The following technique may solve one or more of these

problems.



SUMMARY OF THE INVENTION: In an embodiment of the present
technique, a running tool sets a casing hanger packoff and allows the
packoff to be tested, but only if the packoff has been properly set. The
running tool is comprised of an inner body, a piston, and a stem. The inner

siody Asabstantiglly IsWeNnde®”nd is connected to the stem of the running tool
so that rotation of the stem relative to the inner body will cause the stem to
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the stem and is connected to the stem so that the piston and the stem rotate
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an exterior surface thereof and passes into a chamber defined by the area
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profile on a portion of its outer surface. The inner body has a seal positioned
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when the packoff is properly set and the packoff is tested, thereby prohibiting
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the inner body and the stem. A test slot is located in and extends through the
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the piston and is adapted to fully engage the test slot when the packoff is

thppEeHase the semvetddengitnoirabrypneinany of tiessiem and piston
relative to the inner body sufficient to properly set the packoff allows the limit
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longitudinal movement of the stem and piston relative to the inner body
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engage the test slot and reach a safe position. When the packoff is to be
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body. If the limit pin has fully engaged the slot, the limit pin will move from 2
on itsinterior surface that seals against the raised surface portion of the stem when the
packoff is properly set and the packoff is tested, thereby prohibiting fluid pressure from
passing from the chamber and into the passage between the inner body and the stem. A
test dot islocated in and extends through the exterior surface of the inner body.
Aninwardly biased limit pinis carried by the piston and is adapted to fully engage the
test slot when the packoff is properly set. Downward longitudinal movement of the stem
and piston relative to the inner body sufficient to properly set the packoff allows the limit
pin to fully engage the test slot and reach a set position. Downward longitudinal
movement of the stem and piston relative to the inner body insufficient to properly set the
packoff allows the limit pin to only partially engage the test slot and reach a safe position.

When the packoff is to be tested, the stem and piston move longitudinally upward relative

to theinner body. If the limit pin has fully engaged the dlot, the limit pin will move from



the set position to a test position whereby the seal on the inner surface of the
inner body seals against the raised profile portion of the stem, allowing fluid
pressure to reach the packoff, thereby testing it. If the limit pin has only
partially engaged the slot, the limit pin will maintain the safe position
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the raised profile portion of the stem, allowing fluid pressure to pass through
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the Inner body before flowing back up the string of drill pipe. BRIEF
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running tool constructed in accordance with the present technique with the
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view of the running tool of Figure 1 in the running position with the
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tool of Figure 1 with the piston and stem released from the inner body.
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running tool of Figure 3. Figure 5 is an enlarged view of the stem and inner

inhardyoagdepordiflog g hadknpithe soehgadtfdgreige.Figure 6 is a sectional view

of the running tool of Figure 1 in the landing position. Figure 7 is an enlarged
BRIi€Ww DEBEHIMT IiNaDE Test Shpartieasof the running tool of Figure 6.

Figure 8 is an enlarged view of the stem and inner body seal portions of the
Fi gun@ s tsdcidhaovikevtof3a running tool constructed in accordance with the present
technique with the piston cocked and the engagement element retracted.
Figure 2 isa sectional view of the running tool of Figure 1 in the running position with
the engagement element engaged.
Figure 3 isasectional view of the running tool of Figure 1 with the piston and stem
released from the inner body.
Figure 4 isan enlarged view of the limit pin and test slot portions of the running tool of
Figure 3.
Figure 5 isan enlarged view of the stem and inner body seal portions of the running tool
of Figure 3.
Figure 6 isasectional view of the running tool of Figure 1 in the landing position.
Figure 7 isan enlarged view of the limit pin and test slot portions of the running tool of
Figure 6.

Figure 8 is an enlarged view of the stem and inner body seal portions of the running tool

of Figure 6.



Figure 9 is a sectional view of the running tool of Figure 1 in the set position.
Figure 10 is an enlarged view of the limit pin and test slot portions of the
running tool of Figure 9. Figure 11 is a sectional view of the running tool of
Figure 1 in the test position. Figure 12 is an enlarged view of the limit pin and
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view of the stem and inner body seal portions of the running tool of Figure
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unlocked position with the engagement element disengaged. Figure 15 is a
Figaedignal view of the running tool of Figure 1 in a partially set position. Figure

16 is an enlarged view of the limit pin and test slot portions of the running tool
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safe position. Figure 18 is an enlarged view of the limit pin and test slot
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stem and inner body seal portions of the running tool of Figure 17.
FiQlrd AMILED DESCRIPTION OF THE INVENTION: Referring to Figure 1, there
is generally shown an embodiment for a running tool 31 that is used to set
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33. Stem 33 is a tubular member with an axial passage 35 extending
ofthry@iédnaugh. Stem 33 connects on its upper end to a string of drill pipe (not
shown). Stem 33 has a 4

Figure 14 isa sectional view of the running tool of Figure 1 in the unlocked position with
the engagement element disengaged.

Figure 15 isa sectional view of the running tool of Figure 1 in a partially set position.
Figure 16 is an enlarged view of the limit pin and test slot portions of the running tool of
Figure 15.

Figure 17 isa sectional view of the running tool of Figure 1 in a safe position.

Figure 18 is an enlarged view of the limit pin and test slot portions of the running tool of
Figure 17.

Figure 19 is an enlarged view of the stem and inner body seal portions of the running tool
of Figure 17.

DETAILED DESCRIPTION OF THE INVENTION:

Referring to Figure 1, there is generally shown an embodiment for a running tool 31 that
is used to set and test a casing hanger packoff. The running tool 31 is comprised of a
stem 33. Stem 33 isatubular member with an axial passage 35 extending therethrough.

Stem 33 connects on its upper end to a string of drill pipe (not shown). Stem 33 hasa



first raised profile 37 on its outer surface. A second raised profile 39 is
positioned on the outer surface of stem 33, an increment below the first
raised profile 37. The portions of stem 33 where first raised profiles 37, 39
are positioned have a greater diameter than the portions of the stem 33
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33 has threads 41 in its outer surface. Running tool 31 has an inner body 43
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43. Inner body 43 has an upper body portion 45 and a lower body portion 47.
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45 of inner body 43 and stem 33. Seal 49 acts to seal between the inner body
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profiles 37, 39 on the outer surface of stem 33. Inner body 43 has a fluid port

of 3hafait arathinrrasie XtEntirg déagarady inward from its exterior surface
near lower body portion 47. Fluid port 51 then extends axially upward from
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43. Fluid port 51 allows fluid communication between the exterior and interior
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39 on stem 33. The lower body portion 47 of inner body 43 is connected to a
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that are engaged with threads 41 on the outer surface of stem 33. The lower
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57. In this particular embodiment, engaging element 57 is a set of dogs
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outer surface is adapted to engage a complimentary contoured surface 59 on
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engaged with the 5
diagonally inward from its exterior surface near lower body portion 47. Fluid port 51
then extends axially upward from the lower body portion 47 through the upper body
portion 45 of inner body 43. Fluid port 51 allows fluid communication between the
exterior and interior of the inner body 43 when the seal 49 is not engaged with raised
profiles 37, 39 on stem 33.
The lower body portion 47 of inner body 43 is connected to a bearing cap 53. The
bearing cap 53 has threads 55 along its inner surface that are engaged with threads 41 on
the outer surface of stem 33. The lower portion 47 of inner body 43 and bearing cap 53
house an engaging element 57. In this particular embodiment, engaging element 57 isa
set of dogs having a smooth inner surface and a contoured outer surface. The contoured

outer surface is adapted to engage a complimentary contoured surface 59 on the inner

surface of a casing hanger 61 when the engagement element 57 is engaged with the



casing hanger 61. Although not shown, a string of casing is attached to the
lower end of casing hanger 61. The lower body portion 47 of inner body 43
has an inner recess with threads 63 along its inner surface. A cam 65 is
positioned between the stem 33 and the inner recess of inner body 43. Cam
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threads 63 on the surface of the inner recess of lower body portion 47 of
caiinghhagky 8. Cam 65 and stem 33 are connected to one another such that

cam 65 and stem 33 rotate in unison, but cam 65 may move axially relative
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33 may be connected to one another by means of anti- rotation keys. A test
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of the inner body 43. A restrictor 75 divides slot 71 into an inner pocket
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between the two. The diameter of slot 71 is greater below the restrictor 75
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portions of the inner body 43. Piston 83 is connected to stem 33 such that
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an upper surface of upper body portion 45 of inner body 43, inner surface

urpSstion® e&misEMEAnve axtghswtace peltioashotiples)iddepBiskan B3risstem
initially in an upper position relative to inner body 43, meaning that the area
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be driven downward. A limit pin 89 is connected to the outer surface of the
rotatiten kegy or piston 83. Limit pin 89 is connected to piston 83 by way of an
inwardly biased spring 95 that forces limit pin 6
A test slot 71 islocated in and extends radially inward through the exterior surface of the
inner body 43. A restrictor 75 divides slot 71 into an inner pocket portion and an outer
pocket portion, forming a downward facing shoulder 81 between the two. The diameter
of dlot 71 is greater below the restrictor 75 than above.
An outer body or piston 83 surrounds stem 33 and substantial portions of the inner body
43. Piston 83 is connected to stem 33 such that the two rotate and move in unison. A
piston chamber 85 is formed between an upper surface of upper body portion 45 of inner
body 43, inner surface portions of piston 83, and outer surface portions of stem 33.
Piston 83 isinitially in an upper position relative to inner body 43, meaning that the area
of piston chamber 85 is at its largest possible value, allowing for piston 83 to be driven
downward.

A limit pin 89 is connected to the outer surface of the outer body or piston 83. Limit pin

89 is connected to piston 83 by way of an inwardly biased spring 95 that forces limit pin



89 inwards. Limit pin 89 rides in an aperture 97 located in and extending
through piston 83. Limit pin 89 is initially in contact with the outer surface of
inner body 43. Limit pin 89 is adapted to engage test slot 71 and enter into
the lower portion of the slot 71 with the larger diameter when the piston 83
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101 is connected to the lower end of piston 83. Setting sleeve 101 carries a
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sleeve 101. Packoff seal 103 will act to seal the casing hanger 61 to a high
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packoff seal 103 is spaced above casing hanger 61. An elastomeric seal 105
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setting sleeve 101 and expands radially when weight is applied downward
digaritethereby sealing between the running tool 31 and a high pressure
housing. Referring to Figure 1, in operation, the running tool 31 is initially
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piston 83 is in an upper position, and the raised profiles 37, 39 on stem 33
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Casing hanger packoff seal 103 is carried by setting sleeve 101 which is
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61 until the outer surface of inner body 43 and bearing cap 53 of running tool
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Figure 2, once running tool 31 and casing hanger 61 are in abutting contact
spadithl abevervatiey Hageten 33 is rotated four revolutions. As stem 33 rotates,

a portion of it unthreads from bearing cap 53 and stem 33 and piston 83
Anmgssdongitsbalalsis located on the outer surface of the running tool 31 between
piston 83 and setting sleeve 101 and expands radially when weight is applied downward
on it, thereby sealing between the running tool 31 and a high pressure housing.

Referring to Figure 1, in operation, the running tool 31 isinitially positioned such that it
extends axially through a casing hanger 61. The piston 83 isin an upper position, and the
raised profiles 37, 39 on stem 33 are not in contact with the seal 49 on the inner surface
of inner body 43. Casing hanger packoff seal 103 is carried by setting sleeve 101 which
is connected to piston 83. The running tool 31 islowered into the casing hanger 61 until
the outer surface of inner body 43 and bearing cap 53 of running tool 31 didingly engage
the inner surface of casing hanger 61.

Referring to Figure 2, once running tool 31 and casing hanger 61 are in abutting contact

with one another, the stem 33 is rotated four revolutions. As stem 33 rotates, a portion of

it unthreads from bearing cap 53 and stem 33 and piston 83 move longitudinally



downward relative to inner body 43. As the stem 33 and piston 83 move
longitudinally downward relative to inner body 43, the limit pin 89 captured in
aperture 97 on piston 83 also moves longitudinally downward relative to
inner body 43. As the stem 33 is rotated relative to the inner body 43, cam
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moves longitudinally downward relative to inner body 43. A shoulder 107 on
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forcing it radially outward and in engaging contact with profile 59 on the inner
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61. As the stem 33 moves longitudinally, the seal 49 on the inner surface of
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move relative to one another. Once the running tool 31 and casing hanger
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lowered down the riser into a high pressure housing 111 until the casing

10Ten9ge@lLiepRigRie 6fsheRale 6B GiRdsIEHHRG \BigNthe Jigabiei epéaiad Bur

additional revolutions in the same direction. As the stem 33 is rotated relative
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freeing stem 33 and piston 83 to move further longitudinally downward
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83 move further longitudinally downward relative to inner body 43, the limit
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downward relative to inner body 43 (Figure 4). As the stem 33 moves further
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and raised profiles 37, 39 on the outer surface of stem 33 also move relative
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surface of stem 33 (Figure 5). 8
casing hanger 61 are lowered down the riser into a high pressure housing 111 until the
casing hanger 61 comes to rest.
Referring to Figure 3, stem 33 is then rotated four additional revolutionsin the same
direction. Asthe stem 33 isrotated relative to the inner body 43, the stem 33 completely
unthreads from bearing cap 53, freeing stem 33 and piston 83 to move further
longitudinally downward relative to inner body 43 and casing hanger 61. Asthe stem 33
and piston 83 move further longitudinally downward relative to inner body 43, the limit
pin 89 captured in aperture 97 on piston 83 also moves further longitudinally downward
relative to inner body 43 (Figure 4). Asthe stem 33 moves further longitudinally
downward, the seal 49 on the inner surface of inner body 43 and raised profiles 37, 39 on

the outer surface of stem 33 also move relative to one another. Seal 49 engages the first

raised profile 37 on the outer surface of stem 33 (Figure 5).



Referring to Figure 6, weight is then applied downward on the string of drill
pipe (not shown) and subsequently to the stem 33 and piston 83. As stem 33
and piston 83 move further longitudinally downward relative to inner body 43,
the packoff seal 103 lands between the casing hanger 61 and high pressure
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seal 105 expands radially outward, sealing between running tool 31 and high
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longitudinally downward relative to inner body 43, the limit pin 89 captured in
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to inner body 43. Limit pin 89 reaches test slot 71 and Is forced radially
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slot 71 (Figure 7). As the stem 33 moves further longitudinally downward
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and raised profiles 37, 39 on the outer surface of stem 33 also move relative
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from first raised profile 37 on the outer surface of stem 33 (Figure 8).
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preventer (not shown) are closed and fluid pressure is applied down the
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pressure housing 111, allowing the pressure above seal 105 to build until it
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43. As the piston 83 moves downward, the movement of piston 83 sets the
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diameter of the subsea wellhead housing 111. Piston 83 moves longitudinally
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eliminated and piston 83 and inner body 43 are in contact with one another.
suffadbefdierr BadyndBEatbIRiISE&dpmfd & 37, 39 on the outer surface of stem 33 also
move relative to one another. Seal 49 on the inner surface of inner body 43 disengages
from first raised profile 37 on the outer surface of stem 33 (Figure 8).
Referring to Figure 9, drillpipe rams (not shown) or an annular blower preventer (not
shown) are closed and fluid pressure is applied down the annulus. Elastomeric seal 105
seal's between running tool 31 and high pressure housing 111, allowing the pressure
above seal 105 to build until it forces stem 33 and piston 83 longitudinally downward
relative to inner body 43. Asthe piston 83 moves downward, the movement of piston 83
sets the packoff seal 103 between an outer portion of casing hanger 61 and the inner
diameter of the subsea wellhead housing 111. Piston 83 moves longitudinally downward

relative to inner body 43 until piston chamber 85 (Figure 1) is eliminated and piston 83

and inner body 43 are in contact with one another. Asthe stem 33 and piston 83 move



further longitudinally downward relative to inner body 43, the limit pin 89
captured in aperture 97 on piston 83 also moves further longitudinally
downward relative to inner body 43. When the piston 83 has moved
longitudinally downward relative to the inner body sufficiently to set packoff
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longer restricted by restrictor 75. Limit pin 89 is forced further radially inward

apleyt G TY0oPi Sdhy SNEpstngGlet Turmee| ERpRiil el y SRIWPARHEDIRI ARG t6 iHAkr
Referring to Figure 11, once the piston 83 is driven downward and packoff
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piston 83 are pulled longitudinally upward relative to inner body 43 with
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stem 33 and piston 83 move longitudinally upward relative to inner body 43,
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inward, disengaging the inner surface of the wellhead housing 111, thereby
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upward relative to inner body 43, limit pin 89 travels upwards in slot 71 on the
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reaching a "test" position (Figure 12). As the stem 33 moves longitudinally
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body 43 and raised profiles 37, 39 on the outer surface of stem 33 also move
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outer surface of stem 33 (Figure 13). This position prohibits fluid
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body 43, through fluid port 51 and chamber 85. With the limit pin 89 in the
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down the annulus to the upper side of packoff seal 103, thereby testing it. 10
moves radially inward, disengaging the inner surface of the wellhead housing 111,
thereby permitting fluid flow past the seal 105. As piston 83 moves longitudinally
upward relative to inner body 43, limit pin 89 travels upwards in slot 71 on the inner
body 43 until limit pin 89 reaches the uppermost end of slot 71 reaching a "test" position
(Figure 12). Asthe stem 33 moves longitudinally upward relative to inner body 43, the
seal 49 on the inner surface of inner body 43 and raised profiles 37, 39 on the outer
surface of stem 33 also move relative to one another. Seal 49 engages the first raised
profile 37 on the outer surface of stem 33 (Figure 13). This position prohibits fluid
communication from the exterior of inner body 43 to the interior of the inner body 43,
through fluid port 51 and chamber 85. With the limit pin 89 in the uppermost end of test
slot 71 on the inner body 43, fluid pressure is applied down the annulus to the upper side

of packoff seal 103, thereby testing it.

10



Referring to Figure 14, once the packoff seal 103 has been tested, the stem
33 is then rotated four additional revolutions in the same direction. As the
stem 33 is rotated relative to the inner body 43, cam 65 moves longitudinally
downward relative to inner body 43. As cam 65 moves longitudinally

Ré&lemiMya6d-TglrEva teripa iRk dtB se daaiRgs BiemrRldd tifeRRHI3SE taesed

outward by cam 65, and moves radially inward, thereby unlocking the

rofetefifdifeRidRloHa Mellop BRPID e SehHEdirBINING $9Re 3imay (SRR AE

removed from the wellbore and returned to the surface. Referring to Figures

refb vareLteb ihPeifirgied! saaldDmbs aoprpREIMAS S HoWHNBENRPIFE to inner

prevents the packoff 103 from being tested. For example, if debris and/or

bdigsiB L 1% CarR B Abias top G RRIEY iR aanderiod o amd Gddpas Neigaging

properly set. As illustrated in Figure 15, pressure has been applied above

el @RFORTaE A6 g FdratbaRrarbs@ahi 68, aheyrves rateal B hakRedpitie sy

83 did not move sufficiently longitudinally downward relative to inner body 43

ufedehgaskalinarey (B 3Asrimsaiegd iy higiye 67, atheigitdonBIninegHense

moved radially inward and partially entered slot 71, restrictor 75 has

refi@xetesitng Wil B8 éram fally eiefesing estalet 71. Since piston 83 did not
move sufficiently longitudinally downward relative to inner body 43 to set

Refesiadf teaablass, 1§nmitqighDais padicbffaiea as ssiffitiprohelsngitudinatiy tool
downward relative to inner body 43 to fully enter test slot 71. Referring to

31FipeventsthapatRokSHES! fabipuss e astodi rebaadaiaste) f sebHsBRg/is trash 113 s
continued and the stem 33 and piston 83 are pulled longitudinally upward

preskaiive dieetSiwinaer dpealyt Aangiios kel 1 aiag fotrelepatytbe. packitisaesdd in

103 from the setting sleeve 101. As the stem 33 and piston 83 move

Fi g 150 jpratisurpierioecel appk dd aboes Bastyrhar theeaVEIgh iset @aikotidstia mo3,
elastomeric seal 105 and it moves radially inward, disengaging 11
however, stem 33 and piston 83 did not move sufficiently longitudinally downward
relative to inner body 43 to set packoff seal 103. Asillustrated in Figure 17, although
limit pin 89 has moved radially inward and partialy entered slot 71, restrictor 75 has
prevented limit pin 89 from fully entering test slot 71. Since piston 83 did not move
sufficiently longitudinally downward relative to inner body 43 to set packoff seal 103,
limit pin 89 also did not move sufficiently longitudinally downward relative to inner
body 43 to fully enter test slot 71.
Referring to Figure 17, as discussed above, the running and testing sequence is continued
and the stem 33 and piston 83 are pulled longitudinally upward relative to the inner body
43 with sufficient force to release the packoff seal 103 from the setting sleeve 101. As

the stem 33 and piston 83 move longitudinally upward relative to inner body 43, the

weight is removed from elastomeric seal 105 and it moves radially inward, disengaging
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the inner surface of the wellhead housing 111, thereby permitting fluid flow
past the seal 105. As piston 83 moves longitudinally upward relative to inner
body 43, limit pin 89 travels upwards in slot 71, restricted from moving
radially inward by restrictor 75 on the inner body 43. The limit pin 89 reaches

th@hHBP&rRRe of Sletvell NeagIoliRi T StHARMD Warehitaek 8 Saquiilepd? the seal

which prevents further upward movement of limit pin 89 (Figure 18).

108e gReISR BB MHAVES AGI QI P OERT @ Fl &6 BTt MRS HE@NABTiFRRGIn B2

uppermost end of slot 71 (Figure 12). This position is considered a "sate"

trRREHIgVARR i dtreyarba; tiee Paskeibaeg! riBRIgshvaiawe résti A6 theon the

stem 33 moves longitudinally upward relative to inner body 43, the seal 49 on

intlee btResSuTiaed wftipnesd pshEs andppeseddopties BAvBEren tinedier

surface of stem 33 also move relative to one another. Because the limit pin

doehaaiofedi mnteosiar/do aleieh gantspistaerSpwarimabvemeatsifigiRndiy 89

longitudinally upward relative to inner body 43 for seal 49 to engage the first

(Figised ®yoiecailse thienaitisth sikifacef afl plameds dFTuranit Y nAe aareaditreach
fluid may communicate from the exterior of inner body 43 through fluid port

thé Lpjiiorekasnbert Shot th1qriutba Hparie Hedeeen iheondekasdod teef énpositiony
43 and stem 33, and back up the drill string. With the limit pin 89 in the "safe"

thaositioprelloin Rtesspaekisf bampRliad3iewn (heweangls. However, before the
pressure can build up on the upper side of packoff seal 103, the fluid travels

Ahreugdnilsgineresibigituaeialgdypddrand dnteecbanneeb8dy 43)aHbidad0on the

travels through the unsealed passage between inner body 43 and stem 33

inheferef &avefiinpetiotph3had esitaih gesf vés BTN 3ok tHe3duamdirésie b steen 33
string of drill pipe. Returns on the surface end of the string of drill pipe (not

al showng ettittata druicthrolineit Bedide ihe theit siifedi o ositinyeadangastraketeh
piston 83 was not sufficient to set packoff seal 103. 12
33 and piston 83 can not move sufficiently longitudinally upward relative to inner body
43 for seal 49 to engage the first raised profile 37 on the outer surface of stem 33 (Figure
19). Asaresult, fluid may communicate from the exterior of inner body 43 through fluid
port 51, into chamber 85, through the space between the interior of the inner body 43 and
stem 33, and back up the drill string.
With the limit pin 89 in the "safe" position, fluid pressure is applied down the annulus.
However, before the pressure can build up on the upper side of packoff seal 103, the fluid
travels through fluid port 51 in inner body 43 and into chamber 85. The fluid then travels
through the unseal ed passage between inner body 43 and stem 33 before traveling
through the remainder of running tool 31 and back up the string of drill pipe. Returnson

the surface end of the string of drill pipe (not shown) indicate that the limit pin 89 isin

the "safe" position, and the stroke of piston 83 was not sufficient to set packoff seal 103.
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The technique has significant advantages. The running tool combines the
limit pin and the test slot with the raised profile portion of the stem and the
seal on the inner body to ensure that the packoff is not pressure tested
unless the proper setting stroke is made by the running tool. The fluid port

Trll@asniyie FRdyaiitam demagesr Phéharvngitpbiesmbnies i it pin and

components and back up the drill string if the packoff has not been properly

theeést NG the reheags ¢if | Besisidie de Barg-RRai dhBcRReKEH Madrrrl ®RE &

the casing. While the technique has been shown in only one of its forms, it
erShailEbthapaekeftti thdhpeeskilre: i (e g thabrbiemethey MrbRe iBWabe by
susceptible to various changes without departing from the scope of the

thtacihningeodi3 THIMS dipdk AIVIRYI 98 T SRIING PR F 2MVRY iR ng tool

hanger, the running tool comprising: an elongated stem having an axial
thRARBAGE; cAMmitehizee Dabisigntialbrivetenwgdinaanstiosmmesiast Eedhesisey
such that rotation of the stem causes the stem to translate axially relative to
setheetiidRiganehareistsirpresnedediy tbasstespatieiithad dud aisiag eddseg.
stem rotate and translate in unison, the piston substantially surrounding

Whilgipieaahi gl 6 BashtEinnai dabdphablaastans Sioioositiongshinarneb

extending axially along a length of the outer surface of the inner body, the at

thigaskieg stothe>de niking redistlbo nmired tfnagghshptibiteto serfasecpbiigesnner

body; and at least one pin carried by the piston and adapted to move radially

withoar depagti enfragetHes@ipe astianediaiguben the piston moves axially
relative to the inner body to a
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set position to thereby set a packoff. 2. The running tool according to claim 1,
wherein the running tool further comprises: a raised profile on an exterior
portion of the stem; and a seal connected to the inner body and positioned
between the stem and the inner body such that it sealingly engages the
cleged profile portion of the stem when the piston and stem move axially
relative to the inner body to a test position to thereby pressure test the
1. packaffrmininifroenfonectaabef séeksr 2o dwedi e Haryan ehioalfHifg 260l
copaprliiges: 14 a chamber defined by the outer peripheries of the exterior
surface of the stem, the interior surface of the piston, and an upper surface
of theansendmoety siendreniag axesralipastapm) the outer surface of the inner
body and into the chamber such that fluid can communicate from the exterior
of theamunnénddy Istivsiagiathyespodynditey tredcuamdosed o thbeteresndinthatem
and inner body and back up the stem when the piston moves axially relative
rotetitbre oh trex shethychnspstie pamitmtrdostbierakipl tiselajagaediiee sewd dodythe
raised profile portion of the stem. 4. The running to tool of claim 1, wherein
the rapistontoahectied tetmastese sudntbadep sion@nditiposten ot dteamher
body; a cam positioned between the stem and the inner body, the cam
trarsate oadhisoth ¢hasfmaoastidiaati dhiy suo ootaliedrparnisns diuhé stestedad the inner
independent from one another, the cam having threads on its outer surface
baalyd a downward facing shoulder positioned adjacent thereto, the cam being
threaded to the inner body; and an engagement element, carried by the inner
bodyathebstaanet dattpdsdionghgeanditktending axially along alength of the outer

surface of the inner body, the at |east one slot extending radially inward through the outer
surface of the inner body; and

at least one pin carried by the piston and adapted to move radially inward and
engage the at least one slot when the piston moves axially relative to the inner body to a
set position to thereby set a packoff.
2. The running tool according to claim 1, wherein the running tool further
comprises:

araised profile on an exterior portion of the stem; and

aseal connected to the inner body and positioned between the stem and the inner
body such that it sealingly engages the raised profile portion of the stem when the piston
and stem move axially relative to the inner body to atest position to thereby pressure test

the packoff.

3. The running tool of claim 2, wherein the running tool further comprises:
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a hanger, the axial movement of the stem relative to the inner body causing
the shoulder to contact the engagement element and move it radially
outward and in engagement with the hanger to releasably secure the running
tool to the hanger. 5. The running tool according to claim 1, wherein the slot

has agreptBEVEihal By tPwelier Bieiphea e hribaleABruRPRESOF AR stem, the

thereof to permit the pin to fully engage the slot when the piston moves

infxiat vuiglaiust tadPRION SRty isHEn & eAdRAsH g hePUB@INaRLOT setting

and testing a packoff of a well pipe hanger, the method comprising: (a)

MOUR{IREHARRAGAG 1 chi UGBk ok abR P e NHBgES, taed Aid anweHbribe

hanger on a string of conduit into a subsea wellhead; (c) applying fluid

sUBFEBRLITRIEA R EulrItaHi BEREf R EReNElingi Bh St eLRhitR @It osgh the port,
packoff; (d) moving the tool toward a test position and again applying fluid

infy @S URariHEn enanitiscAreR sfrPatPingetso e are eber tfuiie areivhentaw!

does not move to the test position, the fluid in the annular area surrounding

pi SensHivebeang ki as viiteates ipdiasdy o bieFepdeition thhrerepihdidepbatiithe

6, the method further comprising: providing the running tool with an elongated

seslenthby ifsen psfalias dageif ane #igar body substantially surrounding and
connected to the stem such that rotation of the stem causes the stem to

4.transigie xiailhg el edbieotaibieninpehbasty s pisioimg ths teur tisahycsupiesssding
portions of the stem and the inner body and connected to the stem such that

the twgeadyenarninisenpdhitopistahesixiadiybayeable relative to the inner body;

] S|0; cam positioned between the stem and the inner body, the cam connected to the
stem such that the two rotate in unison but translate independent from one another, the
cam having threads on its outer surface and a downward facing shoulder positioned
adjacent thereto, the cam being threaded to the inner body; and

an engagement element, carried by the inner body and adapted to be engaged with

a hanger, the axial movement of the stem relative to the inner body causing the shoulder
to contact the engagement element and move it radially outward and in engagement with
the hanger to releasably secure the running tool to the hanger.
5. The running tool according to claim 1, wherein the slot has a greater width at a

lower portion thereof than at an upper portion thereof to permit the pin to fully engage the

slot when the piston moves axially relative to the inner body to the set position.

6. A method of setting and testing a packoff of awell pipe hanger, the method
comprising:

(a) mounting a packoff to a running tool;
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located in and extending through the inner body; and a pin connected to the
piston; and wherein the method further comprises after step (a) but before
step (b): rotating the stem relative to the inner body to a run-in position,
thereby securely engaging the running tool with the well pipe hanger. 8. The

methQs) RirFRG He WORER BRI (S HERENECONREFRE; 6Pt A8 8ubsea

relative to the inner body to a pre-land position, thereby releasing the piston
walgbige stem for axial movement relative to the inner body; and lowering the
stem and the piston axially relative to the inner body to a landing position. 16

9. The:yeginih@Ti ol fr sy Benaiic Sifiula) AuaherreaRtng &% SONYE Bihduit to

piston and the stem axially downward relative to the inner body and at least
sepgdiplyik@ngaging the pin in the slot; and wherein step (d) further comprises:
moving the piston and the stem axially upward relative to the inner body. 10.

The mpthediaf elitod . tohaie it esppyesin Areaghe BppHinecsiiapriesthe rsahe

land position is accomplished by rotating the stem in the same direction

anieirdved@direoinarigapeyrldg dheontreinceh@ifolaétodl ddeelienn it tethe test

moves axially downward relative to the inner body when the stem is rotated

pdetivored tid i AeRE Qihivaie der Suleashpio®jtine sttihgldteonathod airetaéants flow
the method further comprising: providing the running tool with a raised profile

updthe@opyterior portion of the stem; a seal element on the inner surface of the
inner body; a fluid port extending from an outer surface of the inner body to

7.an uppes rastiiedetiubarn,and method further comprising:

providing the running tool with an elongated stem having an axial passage; an
inner body substantially surrounding and connected to the stem such that rotation of the
stem causes the stem to translate axially relative to the inner body; a piston substantially
surrounding portions of the stem and the inner body and connected to the stem such that
the two move in unison, the piston axially moveable relative to the inner body; a slot
located in and extending through the inner body; and a pin connected to the piston; and

wherein the method further comprises after step (a) but before step (b):

rotating the stem relative to the inner body to a run-in position, thereby securely
engaging the running tool with the well pipe hanger.
8. The method of claim 7, wherein step (b) further comprises:

rotating the stem relative to the inner body to a pre-land position, thereby
releasing the piston and the stem for axial movement relative to the inner body; and

lowering the stem and the piston axially relative to the inner body to alanding

position.
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wherein step (d) further comprises: if the tool moves to the test position,
engaging the seal element with the raised profile on the stem, thereby
sealing between the inner body and the stem, preventing fluid from
communicating from the annular area, through the fluid port, and back up the

9. condyiie Wethomsthed MiBeiHeERN e RiTadenstiaprager packoff, the

method comprising: (a) providing a running tool with an elongated stem

havingsuingtiad prREGRER0RRE Sefiniped IpradlenoritereldfietdfAe e BYgTand at
body surrounding and connected to the stem such that rotation of the stem

|esAyRESANE SigHDi HR tiRnsiaie tdalbtrefative to the inner body; a piston

substantially surrounding portions of the stem and the inner body and 17
conngeiadiipstee @Emrieiedhddrtbgstwo move in unison, downwardly

moveable relative to the inner body; a slot located in and extending through

the innevibgdiéc piBionceiteetgdriexhe pigiorra eharnbes definae bwdhe

outer boundaries of the exterior surface of the stem, the interior surface of

10he piEtem&nddest dlper suiiase ohibedmest fposytha et npeateehfottife pre-
exterior surface of the inner body and extending through it and into the

| aGth poEsH asseabaiphnal eonoetieg tieienrinans usfaselieédhion naati oty the

and (b) rotating the stem relative to the inner body to a run-in position,
intleetsely. securely engaging the running tool with a hanger; (c) running the

tool and the hanger into a subsea wellhead; (d) rotating the stem relative to
11the inmies ethpdotiuaihn)Br elheaseriite stem modepixien yelontidlannepmieato the

relative to the inner body; (e) lowering the stem and the piston axially relative

intertbedpneidpatiy stem iandingdpositiaie run-in position to the pre-land position.
12. The method of claim 9, the method further comprising:

providing the running tool with araised profile on an exterior portion of the stem;
aseal element on the inner surface of the inner body; afluid port extending from an outer
surface of the inner body to an upper surface thereof; and

wherein step (d) further comprises:

if the tool moves to the test position, engaging the seal element with the raised
profile on the stem, thereby sealing between the inner body and the stem, preventing fluid
from communicating from the annular area, through the fluid port, and back up the

conduit.

13. A method of setting and testing a casing hanger packoff, the method comprising:

(a) providing arunning tool with an elongated stem having an axial passage and a
raised profile on its outer surface; an inner body surrounding and connected to the stem
such that rotation of the stem causes the stem to translate axially relative to the inner

body; a piston substantially surrounding portions of the stem and the inner body and
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(f) applying fluid pressure to an annular area surrounding the piston to further
move the piston and stem axially downward relative to the inner body,

thereby at least partially engaging the pin in the slot; (g) raising the stem and
piston axially relative to the inner body; and (h) applying fluid pressure to the

cORRBLLET @ it aleAy SLkEtRAake b dndVie Maitef, dloainadby MBReDbl e relative

comprising: providing a running tool with a raised profile on the outer surface

to@hENArRieHDaR, &BRIMbEAEE INeADsktBRoMEeRlRGAdAERMET BoayS ¥ BIiPEonnected

surface of the stem, the interior surface of the piston, and an upper surface

to@héeHones brsvibar idtlreanbjaeategtdn tBendaiexisine sktéder QlrthceionNgie

body and extending through it and into the chamber; a seal element

s@aNRGaertorthe fiaras HEpREcH el tinasie dyi fansl oV Rs el tBBd) Eisther

comprises: fully engaging the pin in the slot, thereby moving the pin to a set
lob@stinntMe Bitertbesbivticant e Risdn Istap 4Bd uiawl 6gRsIRESit ARYiRd e

pin to a test position within the slot; and engaging the seal element with the

chiisgg; predieceniae stmediediellisrméngulate e ththenenssdpdnand the

stem, preventing fluid from communicating from the annular area, through

the fluil roedtingtidack val dhiecry eherprAGRIRNC AArEISHIDIIN HHardber

comprises: testing the packoff. 15. The method of claim 13, further
secarayisingyi npovie @y wuheitee watiye chamber defined by the outer

boundaries of the

(c) running the tool and the hanger into a subsea wellhead;

(d) rotating the stem relative to the inner body to thereby release the stem and
piston for axial movement relative to the inner body;

(e) lowering the stem and the piston axially relative to the inner body to alanding
position;

(f) applying fluid pressure to an annular area surrounding the piston to further
move the piston and stem axially downward relative to the inner body, thereby at least
partially engaging the pin in the dot;

(g) raising the stem and piston axially relative to the inner body; and

(h) applying fluid pressure to the annular area above the packoff.

14.  Themethod of claim 13, further comprising:
providing a running tool with araised profile on the outer surface of the stem; a

chamber defined by the outer boundaries of the exterior surface of the stem, the interior

surface of the piston, and an upper surface of the inner body; afluid port located in the
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exterior surface of the stem, the interior surface of the piston, and an upper
surface of the inner body; a fluid port located in the exterior surface of the
inner body and extending through it and into the chamber; and wherein step
(f) further comprises: partially engaging the pin in the slot, thereby moving the

e &P uFate BPit Ml oty heLRleaAg YRR RIaRIEX B ehaanP Bes:

moving the pin upwards within the slot, maintaining the safe position; and 19

el whetecorfieRdin duRdRIneP NPIERE B CRETANERISaENGAYI pressure from the
annular area, through the fluid port, and back up the axial passage, thereby

preveftige ihaapaekaifthenediapséested. 16. The method of claim 13, further
comprising after step (h): rotating the stem relative to the inner body in the

same gikeatigapiaoatie lsase tReSIBEIhEei MOISIRAPIE B HR BRGSO (ein

the casing hanger. 17. A running tool for setting an annular seal having an
thesitgianag ring in a subsea well, the running tool comprising: a member

adapted to position the annular inner seal within the subsea well; a piston

adapigebte alsed (g feingkgigorgpriresto set the annular seal in the subsea
well; and a safety system adapted to prevent a test pressure from being

appligsbteridehern Autaa sepbalieiothwignnuivy $eakhds been set by the
energizing ring unless the energizing ring is located at a desired position

relatigagyihe tarbihekeadnt & thhRe LHg pitodlcet eridikento thtaibylsbaling
wherein the safety system is adapted to
between the inner body and the stem, preventing fluid from communicating from the
annular area, through the fluid port, and back up the axia passage; and
wherein step (h) further comprises:

testing the packoff.

15.  Themethod of claim 13, further comprising:

providing a running tool with a chamber defined by the outer boundaries of the
exterior surface of the stem, the interior surface of the piston, and an upper surface of the
inner body; afluid port located in the exterior surface of the inner body and extending
through it and into the chamber; and

wherein step (f) further comprises:

partially engaging the pin in the dot, thereby moving the pin to a safe position
within the slot; and

wherein step (g) further comprises:

moving the pin upwards within the slot, maintaining the safe position; and
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vent a region above the annular seal unless the energizing ring is located at
the desired position relative to the annular seal. 19. The running tool
according to claim 17, wherein the safety system is adapted to prevent the
piston from being moved to a test position that enables the test pressure to

be applies et R HpEsefhpiiess the energizing ring is located at the
desired position relative to the annular seal. 20
communicating fluid pressure from the annular area, through the fluid port, and

back up the axial passage, thereby preventing the packoff from being tested.

16.  Themethod of claim 13, further comprising after step (h):

rotating the stem relative to the inner body in the same direction to arelease
position, thereby releasing the running tool from the casing hanger.
17. A running tool for setting an annular seal having an energizing ring in a subsea

well, the running tool comprising:

amember adapted to position the annular inner seal within the subsea well;

a piston adapted to drive the energizing ring to set the annular seal in the subsea
well; and

a safety system adapted to prevent atest pressure from being applied to the
annular seal after the annular seal has been set by the energizing ring unless the
energizing ring islocated at a desired position relative to the annular seal.
18.  Therunning tool according to claim 17, wherein the safety system is adapted to
vent aregion above the annular seal unless the energizing ring is located at the desired

position relative to the annular seal.

19.  Therunning tool according to claim 17, wherein the safety system is adapted to
prevent the piston from being moved to atest position that enables the test pressure to be
applied to the annular seal unless the energizing ring islocated at the desired position

relative to the annular sedl.
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